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ABSTRACT 
Fifty-two rifle naive Navy personnel underwent four 
days of simulated Ml6Al live fire training in an artificial 
intelligent test bed trainer, followed by one day of live fire 
record qualification in the field. Prior to test bed training, 
subjects were administered the Army Physical Readiness Test 
(APRT) and assessed on their current level of physical 
fitness. At the end of test bed training the subjects 
participated in one of four exercise conditions (control, 
walk, jog, or run) designed to elevate their heart rates. 
Immediately following exercise they shot a 10 round self-paced 
task at a scaled 250 meter target. Analysis of variance 
indicated no significant difference between fitness levels for 
the shot group size and standard deviation on the self-paced 
task. Significant differences were found based on exercise 
condition and heart rate during firing. Future research should 
utilize experienced marksmen and the exercise manipulation 
should occur immediately prior to live fire. 
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INTRODUCTION 
A strong relationship between physical fitness and 
athletic performance has long been demonstrated on the 
athletic field and more recently in the exercise 
physiologist's lab. The greater the heart's ability to pump 
blood and thus oxygenate the body's cells, the greater the 
body's ability to withstand sustained aerobic exercise. 
Aerobic exercise refers specifically to exercise in which 
the amount of oxygen used by the body increases in direct 
relation to the intensity and duration of physical exertion. 
Physicians routinely record the resting heart rate of their 
patients as one measure of the cardiovascular fitness of the 
individual. Thus, cardiovascular fitness has traditionally 
been recognized as being strongly related to the total 
health of the individual. In the sports arena athletes 
spend long hours developing their aerobic capabilities in 
order to compete in highly aerobic events such as swimming, 
skiing, or long-distance running. 
Little research, however, has investigated the role 
cardiovascular fitness plays in sporting events that do not 
task the cardiovascluar capabilities of the body. This is 
not surprising since so few sports exist that do not task 
the aerobic capabilities of the athlete. Most popular 
sports require considerable movement which increases the 
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body's demand for oxygen to varying degrees. This is not 
so, however, for closed skill sports such as rifle 
marksmanship or archery. Instead of taxing the body's 
aerobic capabilities by pumping blood faster and increasing 
respiration, these sports actually require the athlete to 
relax and control his breathing (Landers, 1982). 
The U.S. Army has traditionally been concerned about 
maintaining its soldiers in appropriate levels of physical 
fitness in order to be "fit to fight" when required. This 
concern has accelerated along with the fitness craze of the 
1980s. Most recently, the Army is concentrating on 
increasing the health of its soldiers through stringent body 
weight standards and tougher physical training (PT) test 
criteria. Soldiers who are identified as overweight are put 
on a weight control program. If the individual is unable to 
lose weight within established time standards . they are 
processed out of the Army. Similarly, soldiers that cannot 
pass the PT test are not promoted. 
Despite the increased awareness of the importance of 
physical conditioning and the implied correlation between 
physical fitness and victory on the battlefield, _the 
physiological components of rifle marksmanship have not 
systematically been studied by the military. Rifle 
marksmanship is characterized by a fine balance between the 
muscular control required to maintain a steady position and 
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unwanted muscular tension that could hinder performance. 
Additionally, the trigger squeeze required to fire the rifle 
must be incorporated into the respiration pattern of the 
individual while minimizing extraneous movement of the 
weapon. The apparently simple task of firing involves a 
surprisingly complex interaction of physiological 
components. 
Only within the last decade have the physiological 
components of shooting been seriously investigated. Since 
so little movement is required in the sport of rifle 
marksmanship, sophisticated physiological monitoring of the 
shooter is possible. Recent research has investigated the 
following physiological parameters: heart rate 
(Landers,1980; Landers, Christina, Hatfield, Daniels, & 
Doyle, 1980), respiration (Wilkinson, Landers, & Daniels, 
1981); brain activity (Hatfield, 1982; Hatfield, Landers, & 
Ray, 1983), and electrodermal activity (Jones, 1978). 
Significant work has also been accomplished in the field of 
biofeedback with elite marksmen (Daniels, 1981; Lewis, 
Daniels, Landers, Wilkinson, & Hatfield, 1981). 
Surprisingly, most of this research has been conducted by 
academic institutions or supported through National Rifle 
Association grants and not by the U.S. military. 
One study conducted by the Army (Torre and Kramer, 
1966) investigated the ability of 60 infantrymen to 
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effectively hit targets in stress and non-stress conditions. 
Stress was manipulated by having the soldiers shot at with a 
remote-controlled BB gun. 
Each soldier fired the Ml4 rifle at seven life size 
silhouette targets in three different firing conditions. In 
Condition A, soldiers fired the rifle wearing non-protective 
clothing and without being shot at (no stress). In 
Condition B, soldiers fired the rifle wearing protective 
clothing but without being shot at. Finally, In Condition 
c, soldiers fired the rifle wearing protective clothing and 
were shot at. 
Results indicated that soldiers fired less well under 
the stress condition than in either of the two non-stress 
conditions. Soldiers that were fired at, shot more quickly, 
obtained lower hit to shot ratios, and obtained fewer first 
round hits. In addition, the total number of targets hit in 
the stress condition was fewer than in the non-stress 
conditions. Attempts to measure heart rate (HR) via 
electrodes placed on the subject's chest were not possible 
due to excessive perspiration. 
Four basic fundamentals of rifle marksmanship have 
been established in Army doctrine when training novice 
riflemen to shoot (Smith, 1984). They are: (1) Steady 
Position; (2) Aiming; (3) Trigger Squeeze; and (4) Breath 
Control. Firing performance is directly related to how 
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closely the fundamentals are followed. All the fundamentals 
relate either directly or indirectly to a lack of movement. 
In a sense, the latter three fundamentals are a subset of 
steady position. A ·proper aim sight is not possible unless 
a steady position is maintained. Likewise, trigger squeeze 
relates to firing the weapon in such a way that trigger 
displacement does not cause the rifle to jerk and move off 
target. Lastly, breath control is necessary to stop 
movement of the chest cavity which can affect the lay of the 
rifle. 
Many of the early studies on rifle marksmanship were 
concerned with the effect steadiness plays in marksmanship 
performance. One such study (Seashore and Adams, 1933) 
investigated the relationship between a subject's score on a 
battery of steadiness tests and his rifle marksmanship 
performance. Fifty unselected subjects were ~cored on a 
series of steadiness tests and compared to six members of a 
university's rifle team on the same tests. The rifle team 
members surpassed all but the steadiest subject of the 
unselected group. In addition the riflemen with the highest 
scores in intercollegiate competition also had the best 
scores on the steadiness battery. 
A similar study conducted in 1921 (Spaeth and 
Dunham) investigated the relationship between steadiness and 
marksmanship performance. Seventy-three U.S. Army soldiers 
ranging from "expert" to "unqualified" were tested on a 
battery of steadiness tests. Rank order coefficients of 
correlation between steadiness scores and live fire target 
+ scores was .61 _ 0.11. Both of these early studies and 
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others (Fearing, 1924; Gates, 1928; and Humphreys, Buxton, & 
Taylor, 1933) provide support that the steadier one can hold 
a rifle the greater the associated firing precision. 
Aiming, the second fundamental of rifle marksmanship, 
pertains to aligning the rifle sights with the target. The 
Ml6 is equipped with an open front sight and a rear peep 
sight. Aiming is most easily and accurately accomplished by 
focusing on the front sight post. By so doing, the eye will 
naturally center itself through the peep sight. This 
reduces alignment error which increases with range (Smith, 
1984). The distance from the front sight post to the rear 
sight post is about 1/2 meter. Any alignment error between 
the front and rear sight posts will repeat itself every 1/2 
meter to the target range. If the sights are misaligned by 
1/8 of an inch, at a 250 meter target the total error 
becomes 62.5 inches (500 x .125 inches). 
Aiming seems to be facilitated if the shooter is 
ipsilateral eye-hand dominant; i.e., the dominant hand and 
dominant eye are on the same side. Approximately 15 % of 
the population has contralateral eye-hand dominance; i.e., 
the dominant eye is on the opposite side of dominant hand. 
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Daniels (1981) investigated novice shooters' marksmanship 
ability as a function of their hand-eye dominance. Daniels 
found that contralateral novice shooters who were trained to 
shoot with the dominant eye fired significantly better than 
shooters trained with the dominant hand. Likewise, data 
gathered by Landers and Daniels (1982) showed that of 14 
Olympic or World Championship medal winners, and of 44 
Olympic or World Championship members studied, only 2 were 
contralateral eye-hand dominant. 
Most aiming error, however, is not caused by improper 
sight alignment or contralateral eye-hand dominance. The 
problem lies in trigger squeeze, the third Army fundamental 
of marksmanship. If the trigger is not gently squeezed, but 
is instead jerked, the lay of the weapon will be disturbed. 
This error will be compounded for the duration of the bullet 
flight. The most common problem associated with trigger 
squeeze is flinching. MacCaslin and Levy (1955) 
investigated trainee marksmanship performance and determined 
that over 1/3 of the error in trainee scores was due to 
flinching. 
Flinching is a subtle, often unconscious anticipation 
to the noise and recoil the rifle exhibits. The key to 
overcoming flinching is to gradually increase trigger 
pressure so that the exact moment of firing is not 
anticipated by the shooter. 
Several physiological factors affect the shooter's 
ability to hold the rifle steady while firing the rifle. 
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The most obvious is the shooter's breathing. In order to 
obtain a steady position and achieve a good sight picture, 
the shooter must curtail all breathing prior to trigger 
squeeze. The U.S. Army teaches its trainees to inhale and 
exhale normally and hold their breath at the instant of the 
natural respiratory pause (See Figure 1). This breathing 
pattern differs from what researchers have found (Wilkinson, 
Landers, & Daniels, 1981). 
For the purposes of description, breathing during the 
act of shooting has been broken into four phases: the 
preparatory phase, breath hold, follow through, and follow 
through release phase (Wilkinson, et al., 1981). Figure 2 
depicts the breathing pattern broken into four phases. 
The preparatory and breath hold phases occur before 
trigger squeeze, and the follow through and follow through 
release phases occur after trigger squeeze. The preparatory 
phase starts 8-10 seconds before breath hold and designates 
the shooter's breathing as deep, shallow, or normal. Breath 
hold is analyzed by length of time the shooter holds his 
breath and terminates at trigger squeeze. The follow 
through phase occurs immediately after trigger squeeze and 
is measured by length of time the shooter continues to hold 
his breath after a shot is fired. This phase terminates at 
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Figure 2. Breathing Pattern Divided Into Four Phases. 
the instant the shooter stops holding his breath. The 
follow through release phase describes the shooter's 
breathing pattern (either inhale or exhale) at the end of 
the follow through phase. 
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Wilkinson et al. (1981) studied breathing patterns of 
14 intercollegiate and 21 world class shooters in both 
practice and competition. Eight shooters fired in the 
kneeling position and the rest in the standing offhand 
position. All fired 40 shots at a target 50 feet away with a 
.22 caliber rifle. Results indicated that the breathing 
pattern recommended by the International Rifle Marksmanship 
Guide (1979) and the Army's Unit Rifle Marksmanship Training 
Guide (1984) was not utilized by any of the shooters. The 
best shooters exhibited even breathing prior to breath hold. 
The average breath hold for the group was approximately 8 
seconds prior to trigger squeeze and .8 seconds during the 
follow through phase after trigger squeeze. None of the 
shooters inhaled after trigger squeeze. 
Wide variation existed between shooters in their 
length of breath hold ~nd exhalation, but this difference 
did not seem to affect their performance. What did affect 
their performance was the degree to which shooters deviated 
from their own unique breathing pattern. If the shooter 
held his breath either longer or shorter than his baseline, 
performance declined. 
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A substantial portion of the marksmanship research 
has been conducted by Daniel Landers of Arizona State 
University. Landers and his associates have investigated a 
variety of physiological parameters that correlate with 
rifle marksmanship performance. 
Landers and Daniels (1982) demonstrated that the 
shooter's heart rate during competition actually increases, 
contrary to the belief that shooter's decrease their heart 
rate while shooting. Landers et al. studied 62 male and 
female rifle and pistol shooters over the course of eight 
months. These were very proficient shooters with 53 of the 
subjects having competed in either the Olympics or World 
Shooting Championships. Subjects shot from the standing 
offhand firing position and were tested either indoors or on 
an outdoor firing range. The average heart rate was 86.3 
beats per minute (BPM) during shooting but only 73.3 BPM 
prior to shooting. 
A Russian study by Tretilova and Rodmiki (1979) 
demonstrated that a shooter's best performance occurred when 
his heart rate (HR) increased 8 to 50 BPM above his resting 
HR. Shooting performance actually decreased when the 
shooter's HR dropped below his resting level. 
O'Leary (1980) studied five biathlon (skiing and 
shooting) athletes and found similar results as did Landers 
et al (1982) and the Russian study (1979). O'Leary 
12 
hypothesized that reducing heart rate by applying snow to 
the forehead would contribute to better shooting performance 
due to a decline in th~ heart rate. Applying snow to the 
forehead prior to shooting slowed the average heart rate by 
3 BPM. Even though this is only a small decrease in HR, 
performance declined by 51%. Least accurate shots occurred 
when HR was 127 BPM, while better performance was recorded 
at 130 BPM. O'Leary concluded that applying snow 
artificially interfered with the body's learned responses to 
return to its optimal HR level. 
Another study that supports the thesis that arousal 
above a minimum baseline is beneficial for marksmanship 
performance was conducted by Landers, Wang, and Courtlet 
(1979). Twenty experienced shooters had variable amounts of 
time to fire 25 rounds at a static target 50 feet away. 
Shooters shot at either their own individual pace or at a 
rate 60% greater than their baseline shooting time. Heart 
rates for subjects in the high stress condition (shooting 
faster than their baseline) were significantly higher than 
shooters in the low stress condition, but no difference in 
performance scores were recorded. However, the order in 
which the subjects fired seemed to effect their performance. 
Scores were significantly better for shooters that fired 
first under high stress and then low stress than shooters 
that fired first under low stress followed by high stress. 
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Landers et al. explained this phenomenon by hypothesizing 
that shooters needed their arousal level elevated prior to 
shooting and that firing in the high stress condition 
achieved this, while in the low stress condition the task 
did not contribute to an elevated arousal level, thus the 
lower scores. 
Each individual's optimum HR level widely varies and 
may depend upon factors such as physical conditioning, 
stress, diet, and mental conditioning. Daniels and Landers 
(1983) correlated performance scores for 52 rifle shooters 
with their HR level. The data resembles an inverted u 
relationship. As a group, as HR changed from 92.6 BPM 
shooting performance declined. Knowing the individual's 
baseline HR level is important in providing performance 
feedback so the shooter can increase the number of rounds 
fired within his optimum HR range. 
Landers, Christina, Hatfield, and Daniels (1980) 
examined how the performance of two elite riflemen varied 
with respect to their optimal HR level. Results indicated 
that performance was consistently high when their HR level 
was maintained at some optimal level. However, as HR level 
varied either above or below their individual optimum, 
shooting performance deteriorated. Additionally, even 
though optimum HR varied by 8 BPM between shooters, there 
was no significant difference in their marksmanship scores. 
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Similar results have been collected by Alkire {1980) 
who found that heart rates between men and women shooters 
varied as much as 58 BPM without a corresponding difference 
in marksmanship performance. Experienced shooters that were 
aware of their heart rate and respiration while shooting 
consistently fired better than experienced shooters that 
were unaware {Daniels, Wilkinson, Hatfield, & Lewis, 1981; 
Daniels and Landers, 1981). Shooters that are consistently 
the best performers tend to fire late in their cardiac cycle 
{Landers, and Daniels, 1982). This may be accomplished by 
monitoring the previous heart beat and using it as a cue to 
squeeze the trigger. As heart rate increases above the 
shooter's baseline one might expect that monitoring heart 
rate would become increasingly more difficult and a 
corresponding decrease in marksmanship performance would 
occur. 
Data supports that increased heart level above 
baseline may be important in establishing arousal levels 
required for optimal performance. One might expect then, 
that physical exercise that raises HR above baseline levels 
would directly affect marksmanship performance. 
Furthermore, as arousal levels approach some optimum level, 
marksmanship performance would improve, but as arousal 
levels surpass this optimum, firing performance will 
decline. 
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Based upon the relevant marksmanship literature and 
known physiological principal the following hypotheses are 
made for the current study: 
Hypothesis 1. 
Individuals in high levels of fitness (as determined 
by their physical training test score) will shoot 
more precisely after exercise than will poor fitness 
shooters. 
Hypothesis 2. 
Individuals that participate in the high strenuous 
exercise conditions (jog and run) immediately before 
firing will exhibit greater variability with less 
marksmanship precision than shooters that participated 
in the low strenuous conditions (control and jog). 
Hypothesis 3. 
Individuals with high relative heart rates prior to 
firing (after exercise) will perform worse than 
individuals with relatively low heart rates prior to 
firing. 
This study is confirmatory research of earlier work 
that investigated the ability of the Ml6Al Rifle Test Bed to 
train rifle naive subjects to the U.S. Army Basic Rifle 
Marksmanship standards. During October and November 1984, 
an experimental study was conducted to validate the Test Bed 
and to investigate its use for supporting rifle marksmanship 
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instruction. In the training portion of the validation, a 
sample of nine rifle marksmanship naive college students 
completed five consecutive days of marksmanship training in 
the Test Bed. Following this training the students traveled 
to Fort Benning, Georgia, where they completed three live 
fire exercises designed to assess their ability to engage 
near and distant stationary and moving targets. These 
students were volunteers and at the time of the study were 
enrolled in a Reserve Officer Training Corps (ROTC) program. 
Preliminary analysis of the study data indicated that 
the Test Bed trained students tended to be more variable in 
their field performance than a group of experienced infantry 
soldiers. on the average, however, the students performed 
at least as well on the field exercises as did the soldiers. 
This is an important result since it suggests that many of 
the skills required to engage field targets can be learned 
in a simulated environment like the Test Bed without having 
to fire a single live round. However, a limitation of the 
Validation study is that only nine students were trained. 
Further, it should be noted that there were major 
differences between the training and marksmanship 
experiences of the infantry soldiers and the ROTC students. 
For example, the soldiers had completed basic combat 
training, annual individual training, annual marksmanship 
qualification, unit marksmanship training, a pre-validation 
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Record Fire, and two Test Bed firing scenarios prior to the 
field exercises. In contrast, the ROTC students had only 
completed five consecutive days of Test Bed based training 
(preceded by 4 hours of mechanical training on the Ml6Al 
rifle) before the field exercises. Yet the two groups did 
not differ markedly in their field performance. This result 
suggests that a clear understanding of the requirements for 
weapon realism, the nature and timing of practice, and the 
specifics of performance feedback need to be more completely 
examined. 
Additionally, a requirement to determine the effect 
exercise intensity and current physical fitness level has on 
precision firing was made. Little research has investigated 
this issue which, if available, could profoundly affect how 
commanders' lead their troops in combat. 
The objective of this study is two-fold. The 
government is concerned with confirming the previous Test 
Bed research. This was the original intent of the research. 
However, it was determined that the effect of exercise and 
physical fitness on rifle marksmanship precision could be 
assessed without impacting upon the original intent of the 
research. This paper will investigate the latter of the two 
mentioned objectives. 
METHOD 
Subjects 
Prerequisite for participation in the study was 
little or no prior experience with rifles or other small 
arms. Fifty-six subjects who met this criteria volunteered 
for the study. Experience was determined by their responses 
on a background information questionnaire (see Appendix A). 
All subjects were Navy Service School enlisted males between 
17 and 24 years old. - They all had ranks of E3 or below 
except for three junior ranking Petty Officers. Three 
subjects were eliminated from the analysis because they did 
not meet the U.S. Army profile of a typical infantry 
soldier. An additional subject was not included because he 
did not participate in .the PT test due to health reasons. 
This brought the total number of subjects to 52. Test Bed 
Day 4 training data of five additional subjects was lost due 
to computer error during the data collection process. This 
reduced the total number of subjects with complete test bed 
data to 47. Data on all 52 subjects was utilized in the 
field analysis. 
At the completion of training, each subject was given 
the opportunity to qualify according to established military 
standards on a live fire range with the Ml6 rifle. Each 
18 
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sailor that qualified was awarded a marksmanship medal by 
the Navy. This award, plus a letter of appreciation placed 
in the serviceman's permanent records at the completion of 
the study, provided incentive for each sailor to participate 
and complete the study. 
Apparatus 
The Test Bed is a prototype training device that is 
comprised of the following three unique subsystems: 
• Terrain and Target Board 
• Instrumented Ml6Al Rifle 
• Simulation System Microcomputer 
The terrain board is 8 feet wide by 17 feet long. 
The shooter engages scaled silhouette targets at 60, 120, 
180, 250, and 300 meter ranges from a firing position 20 
feet from the front edge of the terrain board. Stationary 
targets are presented to the shooter's left, center, or 
right at the above ranges. The Test Bed has a moving target 
capability, but in this study no moving targets were 
presented to the shooter. All targets have mounted on them 
a small infrared emitting diode (IRED) that presents 
invisible infrared (IR) light. The infrared light is 
detected by a Charged Couple Device (CCD) camera that is 
mounted on the shooter's rifle (Marshall, Bond, Shaw, 
Purvis, Fields, & Piper, 1984). The Ml6Al rifle has been 
modified and instrumented to measure variables that would be 
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impossible to collect with a live fire weapon. The Test Bed 
rifle in conjunction with the Test Bed computer is capable 
of the following: 
• Aiming Error Measurement 
• Display of "bullet" aim and impact point 
• Monitoring round count 
• Muzzle climb to simulate recoil 
The CCD camera is attached to the rifle muzzle and is 
mechanically boresighted to the front sight. It is then 
precisely electronically positioned by the Test Bed 
computer. Aiming error in azimuth and elevation is 
generated when the CCD camera views the IR light from the 
target. This data is combined with target range data and 
weapon ballistics to determine bullet strike location. 
Weapon recoil is simulated using a mechanical system 
that consists of a thin cable attached at one end to the 
rifle stock and at the other end to a motor that engages a 
clutch mechanism at the instant of trigger squeeze. The 
result is a quick jerk of the rifle that forces the weapon 
up and to the right of the target which requires the shooter 
to re-aim. The shooter also receives a distinct nudge in 
his firing shoulder as a result of the rifle being pulled 
backward by the cable. 
The Test Bed computer is an Intel 86/380. The system 
has been programmed to present 30 different target scenarios 
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consisting of 45 stationary targets at the previously 
mentioned scaled ranges. All targets are presented the same 
amount of times in a random order. Any scenario can be 
selected through the display menu. Other variables such as 
type of target, percentage of target exposed, speed of 
target, and range can be selected prior to Test Bed 
operation. In addition, other variables such as recoil 
type, sound effects, amount of bullet dispersion, and target 
action upon being hit can be selected. 
The operator controls the Test Bed via the computer 
keyboard. From the Instructor CRT the current operation of 
the Test Bed is monitored such as alpha/numeric bullet 
impact information and target hit/miss status. A graphic 
display monitor allows the operator to view where the 
shooter is currently aiming prior to trigger squeeze; where 
he was aiming at the instant of trigger squeeze (bullet aim 
point); and where the rounds actually went (bullet impact 
point). 
PROCEDURE 
The study design is a single factor design. The 
between subjects factor, Exercise Group, has four levels: 
(1) Run group; (2) Jog group; (3) Walk group; and (4) 
Control group. The purpose of this factor is to assess the 
effect various exercise levels have on rifle marksmanship 
precision on tasks fired in the Test Bed. 
During the study data reflecting physical fitness 
(i.e., Physical Training scores (PT test scores) and heart 
rate during shooting) were collected. 
Five weeks were required to train all the subjects. 
The number of subjects trained each week varied from 8 to 
14, depending on subject availability. Each week on the 
Saturday prior to Test Bed training, the scheduled group of 
subjects completed three hours of Preliminary Rifle 
Instruction (PRI). See Appendix B for an outline of topics 
discussed and the time devoted to each. This instruction 
took place at the Naval Training Center Armory in Orlando 
and invloved both classroom and hands-on dry fire training 
with the Ml6Al rifle. Enough rifles were available for 
every two subjects to share a weapon. The following 
classroom topics were taught during PRI: 
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• Weapon nomenclature, operation, and safety 
• Fundamental rifle marksmanship skills (steady 
position, trigger squeeze,aiming, and breath 
control) 
• Rifle zeroing 
• Bullet trajectory and hold off as a function of 
target range 
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This instruction was followed by dry fire practical 
exercises using the Ml6Al rifle. The purpose of these 
exercises was to provide an opportunity to observe the 
students as they applied the four marksmanship fundamentals 
and to provide corrective guidance as required. 
The Target Box and Ml5 sighting device were the only 
training aids that were used during the dry fire exercises. 
The Ml5 sighting device was used by the students to 
demonstrate that they understood the concept of a sight 
picture and could make the sight corrections required to 
adjust for the effects of range on bullet strike. Appendix 
C describes the Ml5 sighting device. Two dry fire exercises 
were completed in PRI: the Target Box Exercise and the Dime 
Exercise (see appendices D and E for a description of these 
tasks, respectively). 
Army Physical Readiness Test 
After the subjects completed PRI they were 
administered the Army Physical Readiness Test (APRT). The 
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test consisted of performing repetitions of the push-up, and 
sit-up, in separate, two minute time periods and running two 
miles for time. The APRT was conducted outdoors at the 
Naval Training Center track in Orlando. Subjects were 
divided into equal groups of exercisers and counters. Prior 
to each exercise the experimenter demonstrated the exercise 
and the manner in which it was to be performed. All 
exercises were based on FM 22-20 U.S. Army Physical Training 
Manual (1985). Incorrect repetitions of the exercise were 
not included in the total count. The exercise group was 
told they had two minutes to complete as many repetitions of 
the exercise as they could. They were not told how many 
repetitions were required to pass that portion of the test. 
At the end of two minutes the counters reported how many 
repetitions were performed. The counters and exercisers 
then switched roles. After all subjects had completed the 
push-ups, they were given a five~minute break before 
commencing with sit-ups. The above procedure was then 
repeated for the sit-up portion of the test. 
A ten-minute break was provided after the sit-ups and 
before the two-mile run. All subjects started the run 
simultaneously on a 1/4 mile track. Subjects were 
encouraged to do their best, and earnestly attempted to do 
so as they did not want to appear loafing in front of their 
peers. Eight laps around the track were required to 
complete the run. The experimenter kept track of each 
runner by requiring them to yell their name at the 
completion of each lap. 
The APRT provided a current baseline level of 
physical fitness for the subjects. Subjects were scored 
according to Army standards as described in Appendix F. 
Firing Performance Data (Test Bed) 
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Firing performance data was collected in both the 
test bed and the field. The following tasks were completed 
in the Test Bed: 
• Zero the Test Bed rifle 
• Fire two 10 round self-paced tasks at the Test Bed 
zero target; one from the foxhole supported position 
and one from the prone unsupported position 
• Fire two known distance tasks; one from the foxhole 
supported position and one from the prone 
unsupported position at . 60, 120, 180, and .JOO meter 
targets 
• Fire two 45 static target scenarios; one from the 
foxhole supported position and one from the prone 
unsupported position 
• Fire two 10 round self-paced tasks from the foxhole 
supported position at the end of training; one 
before a period of physical exercise and one after 
exercise 
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• Perform a physical exercise task (run, jog, or walk 
1 mile, or control) designed to elevate heart rate 
Exercise Manipulation 
On Day 4 of Test Bed training, prior to firing the 
second self-paced task, subjects engaged in an exercise task 
designed to elevate their heart rate to varying degrees. 
Subjects either ran, jogged, or walked a measured mile 
course, or sat quietly for 13 minutes. The mile course 
started and ended at the Test Bed entrance. Immediately 
upon completion of the exercise the subject stepped into the 
Test Bed and began firing the post exercise self-paced task. 
The subject was given no rest or time to recover from the 
exercise prior to firing. Heart rate was recorded on 
alternating trigger squeezes throughout the post exercise 
self-paced task. 
Firing Performance Data (Live Fire) 
The following tasks were completed on live fire ranges: 
• Zero the rifle using an unused zero target 
• Fire 10 self-paced rounds at an unused zero target 
• Fire two or three 40 round Record Fire scenarios on 
a standard record fire range 
In order to assess the influence of the type and 
quality of feedback on marksmanship performance, subjects 
were randomly divided into two equal groups. These groups 
were differentiated on the basis of the amount of weapon 
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realism, practice, and feedback they received in the Test 
Bed environment. The MAX group completed a marksmanship 
training program that optimized realism, practice, and 
performance feedback. In comparison, the MIN group 
completed a polarized program that minimized realism and 
feedback. Each MAX subject was randomly yoked with a MIN 
subject. The purpose of this pairing was to ensure that the 
subjects in the MIN group received on the average no more 
trigger squeeze practice than the MAX group subjects. 
For the MAX training group, weapon dispersion, weapon 
noise, and weapon recoil were ON for all firing sessions. In 
other words the TB rifle was maximally configured to perform 
similarly to an Ml6 rifle during live firing (i.e., maximum 
weapon fidelity). MAX subjects also received immediate 
feedback on their firing performance. They viewed the TB's 
graphic display monitor after firing and were shown where 
their bullet aim points and impact points hit the target. 
MAX subjects were then coached by the experimenter to 
improve their firing performance. 
In contrast, for all MIN group subjects, weapon noise 
and weapon recoil were OFF, and weapon dispersion was ON. 
MIN subjects fired the TB rifle minimally configured to 
perform like a live fire Ml6. MIN subjects received only 
ambiguous performance feedback such as "You're doing very 
well," and "You're performing about as well as everyone 
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else." Unlike the MAX subjects, the MIN subjects did not 
view the graphic display monitor nor were they told how many 
hits/misses they made. The only coaching they were provided 
was a reminder prior to each firing task to "follow the four 
fundamentals of rifle marksmanship." 
During Test Bed training, MAX group subjects zeroed 
the rifle in fewer number of shot groups and obtained more 
hits on target than did MIN group subjects. Additionally, 
during live fire field training, they zeroed in fewer shot 
groups and obtained better scores on their first record fire 
scenario. However during live firing, after MIN group 
subjects had fired approximately 60 to 80 live fire rounds 
(i.e. completed zeroing and the first record fire task) 
their subsequent record fire scores did not significantly 
differ from the MAX group. It appears that subjects trained 
with maximum feedback in the Test Bed initially learned to 
fire more accurately than did subjects receiving minimal 
feedback. This difference, however, disappeared once the 
MIN subjects became familiar with the weapon characteristics 
inherent in live firing. 
TEST BED TRAINING 
Subjects underwent four days of simulated rifle fire 
training in the Ml6Al Test Bed prior to live firing at Ft 
Benning, Georgia. Prior to Test Bed training each day, 
subjects completed a Pre-Firing Heart Rate Questionnaire 
administered by the experimenter. This questionnaire 
assessed possible reasons for an elevated or depressed heart 
rate such as recent meals, alcohol or drugs, amount of 
sleep, and recent physical activity, as outlined by Daniels 
and Landers (1981). A copy of this questionnaire is found 
in Appendix G. 
Test Bed training sessions varied in length depending 
upon the tasks trained but were generally between 30 minutes 
to one hour long. Throughout TB training subjects engaged 
in four different firing tasks: Zeroing the weapon; 10 round 
Self-Paced (SP) task; 40 round Known Distance (KD) task; and 
a 45 Target Scenario (TS). Each session always was 
initiated with the subjects zeroing the TB rifle. This was 
to insure that the rifle sights were adjusted properly for 
individual subjects. Subjects then generally fired a 10 
round self-paced task to confirm their zero. A 40 round 
known distance task taught the subjects how to adjust their 
aiming as a function of target range. Finally, the 45 round 
target scenarios provided practice for subjects to engage 
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static targets. On Day 4 subjects participated in a 
physical exercise (EX) task designed to elevate their heart 
rate prior to firing a 10 round self-paced task. 
Comprehensive descriptions of the tasks performed in the 
Test Bed are found in Appendix H. 
TABLE 1. 
TEST BED TRAINING SCHEDULE 
DAY 1: 
DAY 2: 
ZERO 
ZERO 
DAY 3: ZERO 
DAY 4: ZERO 
SP* 
SP KD 
SP KD TS 
TS SP EX SP 
* Day 1 SP only occurred if the subject successfully zeroed. 
If the subject did zero on Day 1 then on Day 2 after zeroing 
the subject progressed directly to the KD task. Thus only 
one self-paced task was fired during the first two days of 
training. 
FIELD TRAINING 
After Test Bed training was completed all subjects 
regardless of group membership completed the same firing 
tasks in the field using live ammunition on standard U.S. 
Army marksmanship ranges. The following tasks were 
completed: Zeroing; Self Paced; and Record Fire. All firing 
was completed on the Saturday and Sunday immediately 
following Test Bed training. 
Zeroing Task 
Subjects zeroed in 1, 2, or 3 firing orders depending 
on the total number of subjects and range facilities. MAX 
and MIN group membership was balanced across firing orders. 
The criteria for weapon zero was to fire three rounds 
in the 4 cm aiming circle on a 25 m zero target. The 
subject continued the zeroing procedure until he achieved 
the above criterion at which time he was declared zeroed by 
test personnel. If the subject was unable to zero the 
weapon in 13 or less shot groups then the subject was 
declared non zeroed and the most recent sight adjustment was 
used for subsequent live fire training. A 13 group limit 
was imposed due to shooter fatigue and time constraints. 
Standard zeroing procedures were used during this task. 
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After the subjects completed zeroing they commenced with the 
10 round self-paced task. 
Self-Paced Task 
Subjects fired in the same firing order as they did 
for the zero task. During this task the subjects fired 10 
rounds at their own pace at an unused zero target located at 
25 meters. This task provided a measure of firing 
precision. 
Dime Test 
Subjects from weeks 4 and 5 were required to fire 
from the kneeling unsupported position for 10 rounds during 
their Record Fire. Since they were not taught how to fire 
from the kneeling position in the Test Bed the subjects 
practiced dry firing from this position utilizing the Dime 
Test in the field. Subjects were taught how to dry fire 
using the Dime Test during PRI taught to them the Saturday 
before Test Bed training. Each subject conducted a total of 
24 dry fire trials. 
Record Fire Task 
After subjects completed the zero task and the 
self-paced firing task, they were transported to the Record 
Fire range to shoot the Record Fire task. Subjects from the 
first three weeks fired on a semi-automated record range. 
This range had no electronic equipment to record number of 
hits on targets. Thus record fire scores were recorded by 
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test personnel manually recording when each target was hit. 
A hit was recorded each time the target fell immediately 
after a round was fired. 
Five firing lanes were used concurrently on the 
semi-automated range for weeks 1, 2, and 3. Record firing 
occurred in the same order as it did for the zero and self 
paced tasks. Week 1 subjects fired one 40 round Practice 
Record Fire scenario. After a short rest period the 
subjects fired a second and differ~nt 40 target scenario for 
Record Qualification. For each scenario, the subjects were 
instructed to fire only one round per target. The first 20 
rounds in each Record Fire Task were fired from the foxhole 
supported position while the final 20 rounds were fired from 
the prone unsupported position. Thus Week 1 subjects fired 
a total of two 40 target scenarios: practice record fire 
scenario and a record fire scenario used for record 
qualification. 
Weeks 2 and 3 followed the same procedure as Week 1 
except they fired an additional 40 target Record Fire 
scenario. Thus weeks 2 and 3 fired a total of three 40 
target scenarios (one practice fire scenario and two record 
fire scenarios). The best score of the two record fires was 
used for record qualification. 
In contrast to weeks 1, 2, or 3, subjects from Weeks 
4 and 5 fired on a completely automated range. This range 
34 
had sophisticated electronic equipment that recorded 
automatically each time a target was hit. Record fire 
procedures for weeks 4 and 5 were similar to weeks 2 and 3 
except for the following: all subjects simultaneously fired 
on the automated record range due to the increased number of 
firing lanes available. These subjects fired the same 40 
target Record Fire scenario three times and their best score 
was used for qualification purposes. The first 20 rounds 
were fired from the foxhole supported position, the next 10 
rounds from the prone unsupported position, and the final 10 
rounds of each scenario was fired from the kneeling 
unsupported position. 
ANALYSES 
Analysis of variance was used to determine how firing 
precision following Test Bed training varied as a function 
of physical fitness, heart rate BPM, and level of exercise. 
This was accomplished by analyzing the post exercise 
self-paced task impact points. Shot group size and the 
standard deviation of the impact points were analyzed in 
relation to the pre exercise self-paced task impact points. 
The analysis incorporated a level of exercise group factor 
with four levels: no exercise, walking, jogging, or running 
a mile. Separate analysis were completed for each of the 
following variables: 
• SG4FLY: Size of the post exercise self-paced shot 
group with flyers included 
• SG4NOFLY: Size of the post exercise self-paced shot 
group with flyers removed 
• SDFLY: Standard deviation with flyers included 
• SDNOFLY: Standard deviation with the flyers removed 
In addition, the percentage of subjects that 
qualified with the Ml6 during field live firing was 
investigated to determine what effect if any, fitness level, 
may have on live fire performance. 
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RESULTS 
Four dependent measures of rifle marksmanship 
precision were utilized when analyzing the post exercise 10 
round self-paced task. They were: size of shot group with 
flyers, SG4FLY; shot group size with flyers removed from the 
analysis, SG4NOFLY; the standard deviation with flyers 
included in the analysis, SDFLY; and the standard deviation 
without flyers, SDNOFLY. Flyers are defined as impact points 
two or more standard deviations from the mean impact point. 
Occasionally during firing, one or more rounds may impact 
markedly away from the impact points of the majority of 
rounds and therefor provide a biased description of the true 
performance of the shooter. However, if the flyers are 
numerous or very far from the mean, then this also reveals 
something unique about the shooter's true performance. 
Analyzing separately the dependent variables with and 
without flyers allows for a more accurate representation of 
what the data indicate. 
The current physical fitness of each subject was 
determined through the standard Army Physical Readiness 
Training Test. Each individual was assessed on their 
proficiency in performing push-ups, sit-ups, and a two-mile 
run. Based upon their performance they were scored between 
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o - 100 points on each exercise. According to Army 
standards if the individual scored better than 60 points on 
all three exercises then he passed the APRT test. Fitness 
grouping variables with two and three levels were made based 
upon the results of the test. 
Two levels were used in accordance with Army physical 
training standards. This was to investigate if there were 
any differences in firing performance between subjects that 
passed and failed the APRT test. Three levels of fitness 
were also . used. This was to assess how the most physically 
fit subjects fired in comparison to subjects that minimally 
passed the test and those that failed outright. 
For the grouping with three levels of fitness, the 
high fitness group scored 233 or more points, the medium 
fitness group scored 186 to 232 points, and the low fitness 
group scored 185 or less points. This resulted in 
approximately equal numbers of subjects in each fitness 
category (N = 14, 19, and 14 respectively). Analysis of 
variance revealed no significant main effect for fitness. 
Tables 2, 3, and 4 depict shot group size · and standard 
deviation for shooters in the Low Fitness, Medium Fitness, 
and High Fitness categories, respectively. 
Fitness level was also analyzed with only two levels 
of fitness, high and low. High fitness subjects scored 180 
or more points and also at least 60 points on each exercise. 
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TABLE 2 
POST EXERCISE SELF-PACED SHOT GROUP SIZE AND STANDARD 
DEVIATION WITH AND WITHOUT FLYERS FOR LOW FITNESS SUBJECTS* 
With Flyers Without Flyers 
Post Grp Grp 
Subject# Exer. Exer HR Size cm SD Size cm SD 
5 Jog 145 3.40 .92 2.66 .79 
16 Con 99 1.24 .31 .69 .23 
20 Run 182 12.01 2.60 1.99 .49 
26 Walk 114 2.06 .55 1.85 .52 
28 Run 140 12.13 2.69 3.41 .87 
29 Jog 141 2.66 .76 2.66 .67 
34 Walk 112 2.84 .83 2.84 .83 
39 Run 155 2.58 .80 2.54 . 77 
40 Con 103 2.07 .56 1.48 .45 
44 Walk 98 2.18 .66 2.05 .62 
47 Con 95 2.56 .67 1. 79 .50 
48 Walk 118 1.78 .41 1.07 .28 
49 Jog 171 1. 61 .42 1.11 .32 
51 Con 96 2.54 .65 1. 78 .50 
AVERAGE 126 3.69 .87 1. 99 .56 
* Low fitness subjects scored 185 or fewer points on the APRT. 
39 
TABLE 3 
POST EXERCISE SELF-PACED SHOT GROUP SIZE AND STANDARD 
DEVIATION WITH AND WITHOUT FLYERS FOR MEDIUM FITNESS SUBJECTS* 
With Flyers Without Flyers 
Post Grp Grp 
Subject# Exer. Exer HR Size cm SD Size cm SD 
3 Walk 75 2.86 .85 2.47 .78 
12 Con 83 2.79 .67 1. 91 .46 
13 Run 153 3.00 .92 2.74 .85 
18 Jog 128 3.18 .89 1. 79 .65 
· 19 Walk 104 4.37 1.08 3.12 .89 
21 Walk 105 2.07 .61 1. 72 .51 
22 Jog 137 3.03 .72 1.80 .57 
25 Con 84 2.02 .58 2.02 .58 
27 Jog 130 5.14 1.45 3.55 1.20 
31 Con 81 1. 93 .51 1.22 .38 
32 Walk 86 3.40 .78 1.83 .57 
33 Run 150 3.82 .84 2. 77 .64 
36 Run 137 2.68 .72 1. 67 .55 
37 Walk 97 3.46 .75 1. 95 .56 
38 Jog 148 1. 73 .50 1.42 .39 
41 Jog 143 2.33 .66 1. 69 .53 
43 Con 93 2.17 .54 1.60 .43 
50 Run 154 3.19 .79 2.87 .64 
52 Jog 137 2.31 .62 1. 91 .58 
4** Run 150 3.65 
10** Con 84 .1. 91 
AVERAGE 129 3.21 .76 2.12 .62 
* Medium fitness subjects scored 186 to 232 points on the APRT. 
** Data for subjects 4 and 10 lost due to computer failure and not 
included in the analysis. 
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TABLE 4 
POST EXERCISE SELF-PACED SHOT GROUP SIZE AND STANDARD 
DEVIATION WITH AND WITHOUT FLYERS FOR HIGH FITNESS SUBJECTS* 
With Flyers Without Flyers 
Post Grp Grp 
Subject# Exer. Exer HR Size cm SD Size cm SD 
1 Run 125 2.46 .75 2.24 . 71 
2 Jog 153 2.95 .73 1.01 .32 
6 Walk 120 1.29 .37 1.24 .36 
8 Walk 145 2.50 .58 1.84 .48 
9 Run 165 5.37 1.16 2.59 .74 
15 Walk 108 2.17 .53 1.41 .40 
17 Run 131 3.36 .94 3.36 .78 
23 Run 152 3.36 .86 2.98 .74 
24 Con 104 2.06 .50 1.60 .43 
30 Run 130 2.63 .64 1.80 .51 
35 Jog 131 4.00 1.10 3.06 .99 
42 Run 147 7.13 1.43 2.66 . 77 
45 Jog 113 1. 99 .56 1.24 .40 
46 Con 79 3.10 .76 2.30 .60 
7** Con 71 
11** Walk 83 
14** Jog 140 
AVERAGE 128.8 3.25 1.27 2.095 .535 
* High Fitness subjects scored 233 or more points on the APRT. 
**Data for Subject 7, 11, and 14 lost due to computer failure and not 
included in the analysis. 
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Low fitness subjects achieved 59 points or less on at least 
one exercise. Results again indicated that fitness level 
did not make a difference on any of the dependent variables 
in the Test Bed. 
Marksmanship performance in the field was analyzed 
using the same two fitness levels just mentioned. The 
dependent measure was number of subjects to qualify on the 
record fire task. A score of 24 or more hits out of 40 was 
required to qualify. Analysis of variance revealed no 
significant difference between the number of high fit 
subjects versus low fit subjects that qualified. However, 
there was a strong non significant tendency for the high fit 
subjects to qualify more often than the low fit F(l, 50) = 
1.78, p< .08. Eighty-five percent of the high fit subjects 
qualified (23 out of 27), while only 64% of the low fit 
subjects did so (16 out of 25). Hypothesis 1 is not 
supported for any of the results gathered in the test bed or 
the field. Table 5 lists APRT scores for all subjects, 
their fitness category, and live fire qualification status. 
Analysis of variance was performed to determine what 
effect various levels of exercise may have on shot group 
size and standard deviation of impact points. Results 
indicated that exercise significantly affected the dependent 
variables. For SG4FLY, F(3,43) = 4.65, p < .007; and for 
SDFLY, F(3,43) = 4.90, p < .005. Likewise significance was 
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TABLE 5 
PT TEST SCORES, FITNESS CATEGORY, AND Ml6 QUALIFICATION STATUS 
HI/LO HI/MED/LO Ml6 
Subject Push-Up Sit-Up Run Total 2 FIT LEV 3 FIT LEV OUAL 
1 100 100 87 287 Hi Hi Yes 
2 84 92 90 266 Hi Hi Yes 
3 67 61 77 205 Hi Med Yes 
4 62 84 68 214 Hi Med Yes 
5 60 61 51 172 Lo Lo Yes 
6 80 82 72 234 Hi Hi Yes 
7 73 100 88 261 Hi Hi Yes 
8 66 100 97 263 Hi Hi Yes 
9 70 82 90 242 Hi Hi Yes 
10 70 75 84 229 Hi Med Yes 
11 63 100 71 234 Hi Hi Yes 
12 65 70 78 213 Hi Med Yes 
13 50 82 72 204 Lo Med No 
14 76 86 81 243 Hi Hi Yes 
15 82 66 87 235 Hi Hi Yes 
16 62 68 55 185 Lo Lo Yes 
17 84 64 87 235 Hi Hi Yes 
18 70 65 90 225 Hi Med No 
19 60 52 75 187 Lo Med No 
20 62 68 55 185 Lo Lo Yes 
21 74 65 80 219 Hi Med Yes 
22 75 45 75 195 Lo Med Yes 
23 70 70 100 240 Hi Hi Yes 
24 65 82 89 236 Hi Hi Yes 
25 65 75 88 228 Hi Med No 
26 42 60 79 181 Lo Lo Yes 
27 55 82 68 205 Lo Med Yes 
28 42 71 63 176 Lo Lo Yes 
29 42 43 57 142 Lo Lo Yes 
30 75 98 100 273 Hi Hi Yes 
31 63 49 91 203 Lo Med Yes 
32 47 71 80 198 Lo Med Yes 
33 70 65 59 194 Lo Med Yes 
34 55 70 59 184 Lo Lo No 
35 55 100 80 235 Hi Hi No 
36 57 80 68 205 Lo Med Yes 
37 55 68 79 202 Lo Med No 
38 52 86 54 192 Lo Med No 
39 45 60 73 178 Lo Lo Yes 
40 37 36 41 114 Lo Lo No 
41 62 69 60 191 Hi Med Yes 
42 74 75 84 233 Hi Hi No 
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TABLE 5 
PT TEST SCORES, FITNESS CATEGORY, AND Ml6 QUALIFICATION STATUS 
HI/LO HI/MED/LO Ml6 
Subject Push-Up Sit-Up Run Total 2 FIT LEV 3 FIT LEV OUAL 
43 64 71 55 190 Lo Med No 
44 71 61 49 181 Lo Lo Yes 
45 70 100 87 251 Hi Hi Yes 
46 82 75 82 239 Hi Hi Yes 
47 60 60 60 180 Hi Lo Yes 
48 60 35 45 130 Lo Lo Yes 
49 65 71 40 176 Lo Lo Yes 
50 70 60 65 195 Hi Med Yes 
51 60 63 40 40 Lo Lo No 
52 68 64 84 216 Hi Med No 
Legend 
Fit Lev 2 - Hi> 232 (N - 28) Lo< 186 (N - 24) 
Fit Lev 3 - Hi> 232 (N - 17) Med - 186 to 232 (N - 21) Lo< 186 (N = 14) 
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found when the flyers were removed from the analysis. For 
SG4NOFLY, F(3,43) = 4.88, p < .005; and SDNOFLY, F(3,43) = 
3.09, p < .037. Table 6 depicts the ANOVA table for the 
exercise main effect. 
T-Tests were conducted to determine what exercise 
conditions (walk, jog, run, and control) significantly 
affected the dependent variables. No significant difference 
was found between the control and walk conditions. 
Significance was determined between the control and jog 
conditions for SDFLY, t(20) = -2.09, p < .05 (two tailed 
test). All dependent variables were significant between the 
control versus run group, and the walk versus run group. 
Also, shot group size both with flyers removed and without 
flyers removed was significantly different for the jog 
versus run group. See Table 7 for levels of significance 
for all exercise groups. 
These data support Hypothesis II which says that 
strenuous exercise conducted before firing negatively 
affects the shooter's performance more than mild or no 
exercise does. See Table 8 for mean values of each 
dependent measure after exercise. 
Elevated HR during the act of firing was hypothesized 
to hinder the shooter's ability to fire with precision. 
Heart rate was analyzed by dividing the subjects into two or 
three groups depending upon the average heart rate while 
TABLE 6 
ANOVA 
TEST OF SIGNIFICANCE ACROSS EXERCISE LEVEL 
Source of Variation df ss MS F p 
SG4FLY 
Mean 1 450.51 450.51 118.76 
Exercise 3 52.97 17.66 4.65 .007 
Error 43 163.12 3.79 
SG4NOFLY 
Mean 1 189.95 189.95 493.78 
Exercise 3 5.63 1.88 4.88 .005 
Error 43 16.54 .385 
SDFLY 
Mean 1 28.76 28.76 172.77 
Exercise 3 2.44 .815 4.90 .005 
Error 43 7.16 .166 
SDNOFLY 
Mean 1 15.51 15.51 448.12 
Exercise 3 .320 .107 3.09 .037 
Error 43 1.49 .035 
Legend 
SG4FLY - Size of shot group with flyers included in the analysis 
SG4NOFLY - Size of shot group with flyers removed from the -analysis 
SDFLY = Standard deviation with flyers included in the analysis 
SDNOFLY - Standard deviation with flyers removed from the analysis 
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SG4FLY 
SG4NOFLY 
SDFLY 
SDNOFLY 
:tegend 
TABLE 7 
PROBABILITY VALUES FOR DIFFERENCES BETWEEN MEAN 
SHOT GROUP SIZE AND MEAN STANDARD DEVIATION ON THE 
POST EXERCISE TASK ACROSS EXERCISE CONDITIONS 
CVS W C vs J CVS R w vs J W VS R 
--* .030 .033 
.000 .011 
.050 .019 .024 
.000 .050 
J VS R 
.050 
.032 
SG4FLY - Size of shot group with flyers included in the analysis 
SG4NOFLY - Size of shot group with flyers removed from the analysis 
SDFLY - Standard deviation with flyers included in the analysis 
SDNOFLY - Standard deviation with flyers removed from the analysis 
C - Control 
W - Walk 
J - Jog 
R - Run 
*Spaces(--) indicate non significance at p < .05 
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TABLE 8 
MEAN SIZE IN CENTIMETERS OF THE POST EXERCISE SELF-PACED TASK 
SHOT GROUP AND STANDARD DEVIATION ACROSS EXERCISE CONDITIONS 
Exercise Condition 
CON WALK JOG RUN 
SG4FLY 2.25 2.58 2.86 4.90 
SG4NOFLY 1. 64 1. 95 1. 99 2.59 
SDFLY .564 .667 .780 1.16 
SDNOFLY .456 .567 .618 .697 
Legend 
SG4FLY - Size of shot group with flyers included in the analysis 
SG4NOFLY - Size of shot group with flyers removed from the analysis 
SDFLY - Standard deviation with flyers included in the analysis 
SDNOFLY - Standard deviation with flyers removed From the analysis 
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firing the post exercise self-paced task. Analysis of 
variance performed when the subjects were divided into two 
groups, High HR (greater than or equal to 140 BPM), and Low 
HR (less than 140 BPM) indicated there was a significant 
main effect for shot group size (see Table 9). For SG4FLY, 
F(l,45) = 7.64, p < .008; and for SDFLY, F(l,45) = 6.81, p.< 
.012. Shot group size and standard deviation with flyers 
removed was not significant. This indicates that shooters 
with high heart rate fire more flyers or fire flyers further 
from the mean than do shooters with low heart rates. When 
flyers are removed from the analysis no significant 
differences occurred between high and low heart rate groups. 
A second post hoc analysis divided the subjects into 
three separate heart rate categories. This was done to more 
finely discriminate between potentially different heart rate 
groups. High HR members were subjects with post exercise 
heart rates of 140 BPM or more. The medium HR group 
included subjects with a heart rates from 110 BPM but less 
than 140 BPM. The low HR subjects had a heart rate of less 
than 110 BPM. Analysis of variance indicated a significant 
main effect when flyers were included in the analysis, for 
both the mean shot group size and mean shot group standard 
deviation. For SG4FLY, F(2,44) = 3.80 p < .030; and for 
SDFLY, F(2,44) = 3.59, p < .036. No significant difference 
was found when flyers were removed from the analysis. The 
TABLE 9 
ANOVA 
TEST OF SIGNIFICANCE FOR TWO HEART RATE LEVELS: LOW VS HIGH 
Source of Variation df ss MS F p 
SG4FLY 
Mean 1 516.72 516.72 125.88 
Heart Rate 1 31.16 31.36 7.64 .008 
Error 45 4.10 4.10 
SG4NOFLY 
Mean 1 31.83 31.83 171.72 
Heart Rate 1 1.26 1.26 6.81 .012 
Error 45 8.34 .185 
SDFLY 
Mean 1 191. 29 191. 29 413.71 
Heart Rate 1 1.37 1. 37 2.96 .092 
Error 45 20.81 .462 
SDNOFLY 
Mean 1 15-.21 15.21 384.01 
Heart Rate 1 0.03 .03 . 6·9 .411 
Error 45 1. 78 .04 
Legend 
SG4FLY - Size of shot group with flyers included in the analysis 
SG4NOFLY - Size of shot group with flyers removed from the analysis 
SDFLY = Standard deviation with flyers included in the analysis 
SDNOFLY - Standard deviation with flywrs removed from the analysis 
LO HR< 140 BPM 
HI HR> 139 BPM 
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ANOVA table for HR with three levels· is located in Table 10. 
AT-Test was conducted to determine between which groups 
this difference existed. It was found that only between the 
high and low heart rate groups was there significance. For 
SG4FLY, t(31) = 2.23, p < .033 (two tailed test), and for 
SDFLY, t(31) = 2.34, p < .026. See Table 11 for these 
results. 
TABLE 10 
ANOVA 
TEST OF SIGNIFICANCE FOR THREE HEART RATE LEVELS: LOW, MEDIUM, AND HIGH 
Source of Variation df ss MS F p 
SG4FLY 
Mean 1 483.85 483.85 111.53 
Heart Rate 2 31.80 15.90 3.80 .030 
Error 44 184.28 4.19 
SDFLY 
Mean 1 30.95 30.95 164.96 
Heart Rate 2 1. 35 .673 3.59 .036 
Error 44 8.26 .190 
SG4NOFLY 
Mean 1 201.60 210 . 60 439.51 
Heart Rate 2 1. 99 .996 2.17 .126 
Error 44 20.18 .46 
SDNOFLY 
Mean 1 16 ._56 16.56 433 . 42 
Heart Rate 2 .13 .065 1.68 .198 
Error 44 1. 68 .038 
Legend 
SG4FLY - Size of shot group with flyers included in the analysis 
SG4NOFLY - Size of shot group with flyers removed from the analysis 
SDFLY = Standard deviation with flyers included in the analysis 
SDNOFLY - Standard deviation with flywrs removed from the analysis 
LO HR< 110 BPM MED HR - 110 to 139 BPM HI HR> 139 BPM 
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TABLE 11 
T-TEST 
TEST OF SIGNIFICANCE FOR TWO HEART RATE LEVELS: LOW AND HIGH 
2 tail 
Variable N Mean SD SEM t df prob 
SG4FLY 
Hi HR 16 4.36 3.30 .82 2.23 31 .033 
Lo HR 17 2.53 .74 .18 
SDFLY 
HI HR 16 1.04 .67 .17 2.34 31 .026 
LO HR 17 .65 .17 .04 
SG4NOFLY 
HI HR 16 .65 .21 .08 1.82 31 .073 
LO HR 17 .51 .14 .05 
SDNOFLY 
HI HR 16 .63 .18 .05 1. 76 31 .089 
LO HR 17 .53 .15 .04 
Legend 
SG4FLY - Size of shot group with flyers included in the analysis 
SG4NOFLY - Size of shot group with flyers removed from the analysis 
SDFLY - Standard deviation with flyers included in the analysis 
SDNOFLY - Standard deviation with flyers removed from the analysis 
LO HR< 110 BPM 
HI HR> 139 BPM 
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DISCUSSION 
Analysis of variance revealed that the physical 
fitness grouping variable had no significant effect on the 
dependent variables. Several explanations are plausible. 
Subjects were assigned exercise conditions without the 
experimenter's knowledge of their fitness levels. As chance 
dictated the majority of the high fitness subjects were 
randomly assigned to strenuous exercise conditions (jog or 
run). Thus it is possible that fitness level was washed out 
by level of exercise. Nine out of 14 high fitness subjects 
participated in relatively strenuous exercise conditions 
(i.e., either ran or jogged prior to the post exercise 
self-paced task). Seven of these subjects were in the run 
condition. In contrast, only six of the 14 low fitness 
subjects participated in the run or jog conditions. Heart 
rate average during the post exercise self-paced task for 
the high and low fitness groups were 129 vs 126 BPM 
respectively. The average heart rate for the week for both 
groups is so vs 93 BPM. 
Using resting heart rate as a baseline one would 
expect that as a group high fitness subjects would have a 
lower HR after exercise than the low fitness group. This 
did not occur though, because more subjects in the high 
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fitness group participated in strenuous exercises than those 
in the low fitness group. Since post exercise heart rates 
were very similar for both groups it is not surprising that 
firing performance did not differ either. 
Another explanation for this non significant main 
effect lies in the firing position used in the post exercise 
self-paced task. All subjects fired in the foxhole 
supported firing position. This is an inherently stable 
position to aim from. In this position the shooter is able 
to lean his chest against the Test Bed superstructure and 
move sandbags to support the rifle in a comfortable manner. 
Even with his heart pounding after strenuous exercise a low 
fit subject would be able to maintain a relatively stable 
aim using this firing position. The amount of potential 
variability in firing performance is greatly reduced using 
the foxhole supported firing position. Thus any real 
difference in firing performance might have been negated 
using this firing position instead of a less steady one such 
as the standing offhand firing position. 
Analysis of the data provide support for Hypothesis 2 
which postulates that strenuous exercise before shooting 
will negatively impact marksmanship performance more so than 
mild or no exercise will. Referring back to Table 8 it is 
apparent that as exercise intensity increases so does the 
inaccuracy of the shooter as reflected in shot group size 
and standard deviation of impact points. 
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Shot group size with all 10 impact points included in 
the analysis ranged from 2.25 cm in the control group to 4.9 
cm. in the run group. The mean shot group size of the 
control, walk, and jog groups were significantly smaller 
than the run group. However, no significant difference was 
found between either the control or walk group with the jog 
group. When flyers (impact points more than 2 standard 
deviations from the mean) were removed the shot group size 
decreased. This is especially so in the run condition. 
The same phenomenon occurs when analyzing standard 
deviation of impact points. Standard deviation increased as 
exercise intensity increased. With flyers included in the 
analysis, the control group mean standard deviation was 
significantly smaller than the jog and run group means. 
Also, the walk group standard deviation mean was _ 
significantly smaller than the run group mean. No 
significant differences were found between the control and 
walk; walk and jog; and jog and run exercise conditions. 
With flyers removed from the analysis both the 
control and walk standard deviations were significantly 
smaller than the run average standard deviation. Also, when 
flyers were removed from the analysis the standard 
deviations decreased, especially so in the run condition. 
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It seems that strenuous exercise such as running, 
adversely affects rifle marksmanship precision expressed in 
terms of shot group size and standard deviation. The low 
intensity exercise conditions fired significantly smaller 
shot groups with less variability than the run group. Even 
the jog group fired significantly smaller shot groups than 
the runners. This is an interesting finding. Physical 
activity as strenuous as jogging will not significantly 
hinder the shooter's ability to fire a tight shot group. 
Only when the shooter's activity is more strenuous than 
jogging was shot group size adversely affected. 
High heart rate while firing the post exercise 
self-paced task was hypothesized to be associated with 
decreased marksmanship performance. The grouping variable 
heart rate had two levels, high heart rate (BPM > 139) and 
low heart rate (BPM < 140). Analysis of variance revealed 
that the mean shot group size and the mean standard 
deviation for all 10 impact points (i.e., flyers included in 
the analysis) was significantly larger in the high HR group 
than in the low HR group. Individuals who fired with a high 
HR tended to be more inaccurate than shooters with low HRs. 
When flyers were removed from the analysis there were no 
significant main effects. This indicates that flyers are 
causing the lack of precision in the high HR shooters. A 
fast HR increases chest movement and is associated with an 
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increased respiration rate. Both of these factors hinder 
the shooter's ability to maintain a steady firing position. 
An unsteady position therefore, is the likely cause for the 
high heart HR shooter's poor performance. 
Heart rate was also analyzed with three levels, High 
(BPM >139); Med (110 BPM to 139 BPM); and Low (BPM < 110). 
Results of a T-Test showed that the high HR shooter fired 
significantly worse than the low HR shooter. No difference 
in firing performance was found between the medium and high 
or the medium and the low HR groups. Likewise, when flyers 
were removed from the analysis, no difference in the mean 
shot group size or mean standard deviation was found between 
any of the heart rate levels. 
These results are similar to those obtained when only 
two levels of heart rate were analyzed. In order for 
performance to be hampered HR must be elevated above some 
level; in this case 140 or more BPM. A high HR contributes 
to performance error. Shooters with a medium HR did not 
fire significantly worse than shooters with a low HR (below 
110 BPM). This supports previous research (Daniels and 
Landers, 1983) that demonstrated that as HR increases above 
some optimal level firing performance would decrease. Data 
suggest that elevated HR is responsible for the decrease in 
performance and not necessarily the exercise condition. If 
the exercise was strenuous enough to sufficiently elevate 
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the heart rate above some baseline then firing performance 
could be expected to decline. 
CONCLUSION 
No evidence supported the hypothesis that performance 
scores significantly differed as a function of physical 
fitness level. There was, however, a consistent trend for 
the most physically fit individuals to perform better than 
the low fitness group, especially in the live fire exercise. 
This researcher believes that the dependent measure would 
have been significant if the firing position utilized had 
been less stable and not the foxhole supported position, 
which provides the greatest stability. 
This study provides evidence that in a simulated live 
fire environment shooters with an elevated heart rate above 
139 BPM will fire the Ml6 rifle with less precision than 
shooters with lower heart rates. There was also evidence 
that shooters who fired immediately after running shot worse 
than shooters that jogged, walked, or rested (control) 
before shooting. 
Previous research indicated that Test Bed 
marksmanship performance correlates well with live fire 
performance (Torre, Maxey, & Piper, 1986). Even so, instead 
of studying rifle marksmanship in a simulated environment, 
future research should investigate what effect intense 
exercise has on performance immediately prior to live 
firing. The present study utilized Navy personnel with 
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firing. The present study utilized Navy personnel with 
similar demographics to Army enlisted men except that they 
had no prior experience with small arms. Future research 
should study Army personnel experienced with the Ml6 rifle. 
The Army field commander, knowing that if after 
physical exertion (such as running) his soldiers' ability to 
effectively fire their weapons is hindered, might consider 
modifying his battle plans. 
APPENDIX A 
BACKGROUND INFORMATION QUESTIONNAIRE 
BACKGROUND INFORMATION QUESTIONNAIRE 
DATE: 
---------
1. SHOOTER'S NAME: 
2. DO YOU SMOKE? 
3. DOMINANT EYE: 
4. PREFERRED HAND: 
5. SHOOTING HAND: 
6. VISUAL 1 2 3 
ACUITY Worse than Worse than Similar 
everyone most people to everyone 
I know I know I know 
7. HEARING 1 2 3 
ID# 
Yes No 
Right _ Left _ 
Right _ Left _ 
Right_ Left _ 
4 5 
Better than Better than 
most people everyone 
I know I know 
4 5 
Worse than Worse than 
everyone most people 
Similar Better than Better than 
to. everyone most people everyone 
I know I know I know I know I know 
8. EDUCATION: 1 2 3 4 5 
High school High GED 1 To 4 years College 
but not school of college graduate 
graduated graduated but not 
graduated 
9. ARE YOU TRAINED TO SHOOT A RIFLE OR OTHER SMALL ARM? Yes No 
10 . WHAT ARE YOU TRAINED TO SHOOT? 
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Rifle 
Pistol 
Shot gun 
BACKGROUND INFORMATION QUESTIONNAIRE (continued) 
11. FREQUENCY YOU SHOOT: 1 
Don't 
shoot 
2 3 4 
Once a Once every Once a 
year 6 months months 
12. WHAT IS YOUR MOST RECENT PHYSICAL TRAINING TEST SCORE? 
13. DID YOU PLAY ANY SPORTS IN HIGH SCHOOL? Yes 
IF YES, WHAT SPORTS? 
63 
5 
Once a 
week 
No 
14. LIST ANY SPORTS/ RECREATIONAL ACTIVITIES (BOWLING, POOL, BASEBALL, ETC.) 
YOU WERE ACTIVE IN PRIOR TO JOINING THE ARMED SERVICES? 
15. LIST ANY OTHER ACTIVITIES (MUSICAL INSTRUMENT, MARCHING BAND, ETC.) 
YOU WERE ACTIVE IN PRIOR TO JOINING THE ARMED SERVICES? 
16. WHAT SPORTS/ RECREATIONAL ACTIVITIES IF ANY ARE YOU CURRENTLY ACTIVE IN? 
17. LIST ANY OTHER ACTIVITIES YOU ARE CURRENTLY ACTIVE IN? 
APPENDIX B 
PROGRAM OF INSTRUCTION FOR PRELIMINARY RIFLE INSTRUCTION 
PROGRAM OF INSTRUCTION FOR PRELIMINARY RIFLE INSTRUCTION 
PURPOSE: The purpose of Preliminary Rifle Instruction 
(PRI) is to familiarize the student with the operation of 
the Ml6Al rifle. Topics discussed in PRI include weapon 
nomenclature, safety operations, zeroing and bullet 
trajectory. In addition each student will dry fire the 
weapon using the Target Box Exercise and the Dime 
Exercise. 
1. INTRODUCTION 5 Min 
2. WEAPON NOMENCLATURE 5 Min 
3. WEAPON OPERATION 30 Min 
i. Immediate Action 
ii. Remedial Action 
iii. Clearing 
iv. Function Check 
4. SAFETY OPERATION 10 Min 
5. FOUR FUNDAMENTALS OF RIFLE MARKSMANSHIP 30 Min 
i. steady Position; Prone Unsupported Position 
ii. Aiming 
iii. Breath Control 
iv. Trigger Squeeze 
6. BULLET TRAJECTORY 
7. ZEROING 15 Min 
8. TARGET BOX EXERCISE 
15 Min. 
30 Min 
9. DRY FIRE: DIME EXERCISE 
10. PHYSICAL TRAINING TEST 
30 Min 
45 Min 
11. TRAINING STUDY SUBJECT SCHEDULE 
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5 Min 
APPENDIX C 
THE Ml5 SIGHTING DEVICE 
The Ml5 SIGHTING DEVICE 
The purpose of the Ml5 Sighting Device is to teach 
the shooter how to aim at the center of mass. It is a 
made of cardboard and has a movable plastic insert of the 
rifle sights. The front of the card has an opening with a 
silhouette target drawn on the inside behind the movable 
sights. The goal of the exercise is to move the rifle 
sights so that the front post is positioned on the center 
of mass of the target. 
During PRI, enough Ml5 sighting devices were 
available for every two subjects. The subjects were given 
instruction on what a good sight picture should look like 
at various ranges. They were then asked to duplicate the 
sight picture using the Ml5 Sighting Device. Any 
difficulties in doing so were immediately addressed by the 
instructor. 
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APPENDIX D 
TARGET BOX EXERCISE 
TARGET BOX EXERCISE 
According to the Army's Unit Rifle Training 
Marksmanship Training Guide, (ARI, 1984) the purpose of 
the target box exercise is to teach the firer to practice 
correct placement of the aiming point. The following was 
required for this exercise: a rifle rest; a paddle with a 
sealed silhouette target; and a target box on which is 
attached a blank sheet of paper. 
During Preliminary Rifle Instruction, subjects were 
broken into pairs, one acting first as the firer and the 
other as a target man. The firer placed the rifle snuggly 
into the rifle rest and assumed a prone firing position 
next to it. While looking through the rifle sight the 
fire communicated via hand signals to the target man to 
line the target paddle with the rifle sights. When the 
firer achieved a good sight picture he told the target man 
to mark the paper. The target man marked with a pen 
through the small hole in the paddle where the firer was 
aiming. This procedure was repeated two more times. 
After the firer's third aim, the three aim points were 
connected and labeled shot group #1. The goal was to get 
the shot group of the 3 aim points as small as possible. 
After the firer had aimed a total of 18 aim points (6 
groupings) the subjects switched positions. 
Throughout the exercise assistance was provided any 
firer which was having any difficulty in completing the 
task. 
69 
APPENDIX E 
THE DIME EXERCISE 
THE DIME EXERCISE 
The purpose of this exercise was to perfect the 
firer's trigger squeeze (ARI, 1984). This exercise was 
conducted in pairs. The firer assumed a prone unsupported 
firing position and aimmed at a zero target down range. 
His partner placed a dime on the barrel of the weapon 
behind the flash suppressor. After balancing the dime, 
the assistant tells the firer "Ready." The firer, while 
still aiming at the target, pulls the trigger. The goal 
of this exercise is to squeeze the trigger gently enough 
not to upset the dime while maintaining a proper sight 
picture. The assistant recorded on a score sheet if the 
dime fell after trigger pull. Each firer practiced 24 
trigger pulls before switching places with their partner. 
During the exercise, instructors provided constant 
real time feedback and coaching for the firers. 
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APPENDIX F 
ARMY PHYSICAL READINESS TEST SCORING STANDARDS 
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TABLE 12 
ARMY PHYSICAL READINESS TEST SCORING STANDARDS 
PUSHUPS SITUPS 2 MILE RUN 
Exercise 
Repetitions Points Points Time Points 
69 100 13:05 100 
68 100 98 13:12 99 
67 98 96 13:20 98 
66 96 94 13:27 97 
65 94 92 13:34 96 
64 92 90 13:40 95 
63 90 88 13:49 94 
62 88 86 13:56 93 
61 86 84 14:03 92 
60 84 82 14:10 91 
59 82 80 14:20 90 
58 80 78 14:25 89 
57 78 77 14:32 88 
56 76 76 14:39 87 
55 75 75 14:47 86 
54 74 74 15:57 85 
53 73 73 15:05 84 
52 72 72 15:08 83 
51 71 71 15:16 82 
50 70 70 15:23 81 
49 69 69 15:30 80 
48 68 68 15:37 79 
47 67 67 15:45 78 
46 66 66 15:52 77 . 
45 65 65 16:59 76 
44 64 64 16:06 75 
43 63 63 16:14 74 
42 62 62 16:21 73 
41 61 61 16:28 72 
40 60 60 16:35 71 
39 59 58 17:43 70 
38 58 56 17:50 69 
37 57 54 17:57 68 
36 56 52 17:04 67 
35 55 50 17:10 66 
17:19 65 
17:25 64 
17:33 63 
17:41 62 
17:48 61 
17:55 60 
APPENDIX G 
PRE HEART RATE QUESTIONNAIRE 
PRE HEART RATE QUESTIONNAIRE 
NAME: SHOOTER ID: 
DATE: WEEK# DAY# TIME: AM 
1. HEIGHT 
---
2 . WEIGHT 
---
3. HOW MANY HOURS OF SLEEP DID YOU GET I.AST NIGHT? 
4. HAVE YOU EXERCISED AT ALL TODAY? YES NO 
4a. IF SO, WHAT DID YOU DO? 
5. WHEN DID YOU I.AST EAT? 
--------
6. WHAT DID YOU EAT? 
----------
7. HAVE YOU CONSUMED ALCOHOL IN THE I.AST 24 HOURS? 
7a. IF SO, HOW MUCH? (# OF BEERS, MIXED DRINKS, ETC.) 
YES 
8. HAVE YOU HAD ANY COFFEE OR OTHER CAFFEINATED PRODUCTS TODAY? 
---
PM 
NO 
YES NO 
Ba. IF SO, HOW MUCH? (# OF CUPS, ETC.) 
9. ARE YOU SICK OR CURRENTLY RUNNING A FEVER? 
10. PRE ZERO TWENTY SECOND HR 
11. PRE 45 TGT HR 
14. POST EXER HR 
---
DAY 4 
12. PRE SP 1 HR 
15. PRE SP 4 HR 
17. EXERCISE CONDITION: TIME TO COMPLETE WALK 
75 
YES NO 
MEASURER'S INITIALS 
13. PRE EXER HR 
16. POST SP 4 HR 
JOG RUN CON 
APPENDIX H 
TEST BED TRAINING 
TEST BED TRAINING 
DAY 1 
Day 1 was devoted to learning to fire a tight shot 
group so that the Test Bed rifle could be zeroed. 
Instruction was directed at the four fundamentals of rifle 
marksmanship, their application, and their relative 
importance in obtaining target hits. Tasks scheduled for Day 
1 included zeroing the rifle and firing a 10 round self-paced 
task. Both tasks were fired from the foxhole supported 
position. Subjects always initiated training by zeroing the 
TB rifle. If the subject was unable to zero the rifle then 
training ended for the day. If, However, the subject did 
zero, he would then fire a self-paced task designed 
to confirm his zero. At the completion of zeroing, the 
subject's rifle sight adjustments were stored in his computer 
file to be recalled prior to zeroing on the next day. Day 
1 training concluded when the subject either completed the 
self-paced task or was unable to zero the rifle. 
Training alternated between MAX and MIN subjects 
beginning with the first · MAx subject zeroing the Test Bed 
rifle. The subject's heart rate in beats per minute (BPM) 
was recorded throughout the zeroing process. Heart rate was 
determined using a Schwinn bicycle monitor equipped with a 
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small clip that attached to the earlobe. Heart rate was 
recorded manually by the experimenter on the second trigger 
squeeze of the first six shot groups fired. This data was 
used to compute subject heart rate averages during the zeroing 
task. 
After the first Max group subject completed Day 1 
training, the MIN subject yoked to him completed the same 
tasks but with several restrictions. During the zeroing and 
self-paced tasks the MIN group received as much trigger 
squeeze practice as did the MAX group. However, MIN subjects 
received only minimal feedback, i.e., what they should have 
done and not what they actually did. For all practical 
purposes the MIN group was simply continuing with dry fire 
practice since they experienced no weapon effects (i.e., 
recoil or noise). This group represents a worst case training 
situation in that they receive only cognitive feedback. 
During the zeroing process if the MIN subject did 
happen to zero, he was not told he had done so. Instead, just 
as with a MAX subject, the MIN subject's most recent sight 
adjustments were stored at the end of Day 1 to be recalled 
prior to Day 2 training. The process of training the MAX and 
MIN subjects as described above continued on Day 1 until all 
scheduled subjects had completed the zeroing instruction. 
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DAY 2 
The Day 2 instruction concentrated on the zeroing 
process and the four fundamentals of rifle marksmanship for 
those subjects that did not zero on Day 1. For the subjects 
that did zero, the instruction was directed at the nature of 
the M16Al's trajectory and how to adjust the target aim 
point to maximize center of mass hits. 
All firing tasks were conducted from the foxhole 
supported position just as on Day 1. Day 2 training 
consisted of the following tasks: zeroing, a 10 round 
self-paced task (for subjects that did not zero on Day 1), 
and a 40 round known distance task. 
In this manner training alternated between the MAX and 
MIN group subjects. Each MAX group subject began the zeroing 
task with the zero ob~ained on Day 1 of training. This zero 
was stored on the Test Bed computer after Day 1 training and 
recalled prior to the subject's zeroing on Day 2 .· The 
subject shot as many three round groups as needed (up to a 
maximum of 15 groups) to zero the rifle. After the subject 
zeroed, the new zero was recorded on the computer so that on 
Day 3 of training the subject could commence zeroing with his 
most recent sight adjustments. The MIN group subjects fired 
only as many groups as were fired by the MAX subjects to 
which they were yoked. However, for these firings the MIN 
group's rifle was electronically zeroed just as it was for 
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the MAX group. Therefore all MIN group subjects, like the MAX 
group subjects, fired the Day 2 zero task with the zero sight 
settings achieved on Day 1. 
If on Day 2 the subject zeroed his rifle for the first 
time, then he continued with his training by firing the 10 
round self-paced task described in Day 1. If, however, the 
subject already zeroed on Day 1, then after zeroing on Day 2, 
he continued training with the Known Distance Task. 
Training for the day ended after the subject completed the 
known distance task. 
During each of the tasks heart rate was determined via 
a Schwinn bicycle heart monitor. During zeroing HR was taken 
using the same procedure as in Day 1. For the 10 round 
self-paced task HR was recorded on every even numbered round 
(i.e., rounds 2,4,6,8,and 10). The known distance task 
required the subject to fire 10 rounds each at four targets of 
a known range (60,120, 180, and 300 meters). The heart rate 
on the third and eighth rounds was recored for each target 
range. This provided eight heart rate data points to compute 
an average HR for the known distance task. 
Heart rate was recorded during each shooting task. 
During zeroing HR was taken on the second trigger squeeze for 
the first six shot groups fired. This followed the same 
procedure used as on Day 1. During the 10 round self-paced 
task, HR was measured on alternating shots starting with the 
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second round fired. Thus the average HR for the self-paced 
task was based on five HR measurements. For the Known 
Distance task, which comprised of 10 rounds fired at each of 
four known range targets, HR was recorded on the third and 
eighth rounds fired. This yielded an average Known Distance 
task HR based on eight rounds fired. 
DAY 3 
Day 3 instruction continued to address the problem of 
engaging known distance targets. The first training task was 
again to zero the Test Bed rifle. During the zeroing task 
the subject's heart rate was recorded as on the previous 
days. Once the weapon was zeroed, the subjects fired a 10 
round self-paced task just as they had on Day 2, however now 
they fired from the prone unsupported position instead of the 
foxhole supported. 
The known distance task was fired after the self-paced 
task was completed. This task was the same as the previous 
known distance task except that it too was fired from the 
prone unsupported position instead of the foxhole supported 
position. 
After completing the known distance task the subjects 
fired a 45 static target scenario from the prone unsupported 
position. Targets appeared in a random fashion at 60, 120, 
180, 250, and 300 meter scaled ranges for 3, 5, or 7 second 
exposure time intervals. The subjects were instructed to 
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fire only one round per target presented. The target would 
fall when it was hit. As always, training alternated between 
the MAX and MIN subjects beginning with MAX Subject 1. 
The previous day's procedures for recording heart rate 
during the zeroing, self-paced, and known distance tasks were 
repeated for Day 3 training. The procedure for recording HR 
during the 45 target scenario was to measure HR every fifth 
trigger squeeze starting with the third round fired. Thus 
the average BPM was obtained from HR recored on the 3rd, 8th, 
13th, 18th, 23rd, 28th, 33rd, 38th, 43rd trigger squeezes. 
DAY 4 
The purpose of Day 4 instruction was to continue to 
practice engaging stationary targets. Training commenced with 
MAX Subject 1 and alternated between the MAX and MIN group 
subjects. As on previous days, the first task completed was 
zeroing the Test Bed rifle. All firing tasks were completed 
from the foxhole supported position. This was followed by 
completion of a 45 target scenario involving the engagement of 
known distance stationary targets. Each subject was told to 
fire only one round per target as quickly as possible and to 
make each round count. The Day 4, 45 target scenario is 
essentially the same as the 45 target scenario that was shot 
, on Day 3. The only difference between the two is that the 
order of target presentation was different. 
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Immediately following the 45 target scenario the 
subjects fired a ten round self paced task at a 25 meter zero 
target from the foxhole supported position. This self-paced 
task provided a measure of marksmanship aiming precision as a 
result of training. Each MAX and MIN group subject fired 
with their most recent zero. 
Following the self paced task the subjects engaged in 
a physical exercise period designed to elevate their heart 
rate to varying degrees. Each subject completed one of four 
exercise conditions: 
• Run one mile at a vigorous pace 
• Jog one mile at a comfortable pace 
• Walk one mile at your own pace 
• Sit for 13 minutes 
Subjects were randomly assigned without replacement to 
one of the above exercise conditions. A total of six or 
seven subjects from the MAX and MIN groups participated in 
each of the four conditions. Two to four subjects 
participated each week in each condition for the 5 weeks of 
the study. Table 13 describes the subject exercise 
schedule. 
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TABLE 13 
SUBJECT EXERCISE SCHEDULE 
Number of Subjects per Exercise Condition 
Control Walk Jog Run 
GROUP 
WEEK 1 MAX 1 2 2 2 
MIN 2 2 1 2 
WEEK 2 MAX 1 2 1 1 
MIN 1 1 1 2 
WEEK 3 MAX 1 1 1 1 
MIN 1 1 1 1 
WEEK 4 MAX 0 1 1 2 
MIN 1 1 1 1 
WEEK 5 MAX 2 1 2 1 
MIN 2 1 2 1 
TOTAL 12 13 13 14 
Upon completion of the exercise period the · subjects 
immediately fired a second self-paced task from the foxhole 
supported position exactly in the same manner as the previous 
self-paced task. The results of the post exercise self-paced 
task when compared to the. pre exercise self-paced task 
provide a measure of the extent to which different levels of 
d physical exercise influence marksmanship aiming precision. 
Additionally, the influence of HR changes on precision was 
assessed. This was accomplished by taking six seperate 
measures of heart rate: 
o HR during zeroing task 
o HR during the 45 target scenario 
o HR during each self paced task 
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o HR 1 and 3 minutes after the second self paced task 
In addition, the subject's self reported weight and 
height were recorded prior to the Day 4 data collection. 
Following the first self-paced task the subjects were 
instructed which exercise task they were assigned to. A 
measured mile course had been marked and was monitored to 
insure the entire mile was completed. This course started 
and ended at the Test Bed entrance. Subjects in the run 
condition were told to run as fast as possible. Subjects 
assigned to jog were told to run at a comfortable pace (slow 
enough to carry on a conversation if desired). The walkers 
were told to walk at a brisk pace simili_ar to how ·you would 
if late for class. The control subjects sat quietly for 13 
minutes. 
DAY 5 
The first part of this day was set aside for make-up 
work and to provide some slack in case the study fell behind 
' schedule. The latter part of the day was devoted to travel 
from Orlando to Fort Benning, Georgia for the MAX and MIN 
group subjects and Test Bed project personnel. 
APPENDIX I 
WEEKLY AVERAGE HEART RATE 
AND POST EXERCISE HEART RATE ACROSS EXERCISE 
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TABLE 14 
WEEKLY AVERAGE HEART RATE AND POST EXERCISE HEART RATE ACROSS EXERCISE 
CONTROL WALK 
Weekly Post Weekly Post 
Subject Avg HR Exer HR Subject Avg HR Exer HR 
12 75 83 3 74 75 
16 91 99 6 86 120 
24 90 104 8 73 145 
25 68 84 15 81 108 
31 77 81 19 76 104 
40 95 103 21 89 105 
43 89 93 26 100 114 
46 74 79 32 84 86 
47 88 95 34 88 112 
51 102 96 37 76 97 
7* 44 86 98 
10* 48 89 118 
11* 
AVERAGE 84.9 91. 7 83.5 106.8 
JOG RUN 
Weekly Post Weekly Post 
Subject Avg HR Exer HR Subject Avg HR Exer HR 
2 81 153 1 76 125 
5 102 145 9 66 165 
18 104 128 13 84 153 
22 73 137 17 88 131 
27 80 130 20 95 182 
29 97 141 23 86 152 
35 88 131 28 78 140 
38 104 148 30 66 130 
41 88 143 33 90 150 
45 74 113 36 95 137 
49 101 171 39 93 155 
52 88 137 42 71 147 
14* 50 91 154 
4* 
AVERAGE 90.0 139.8 83.0 147.8 
* Impact point data from subjects 4, 7, 10, 11, and 14 lost due to computer 
failure and therefore their heart rate data was not included in any analysis . 
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